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1DJDSUDVDG.6DQG'0DGKX>@ FRQGXFWHG DQ H[SHULPHQW RQD IRXU VWURNHPXOWLF\OLQGHUZDWHU
FRROHGFRPSUHVVLRQ LJQLWLRQHQJLQHRSHUDWHGZLWKQHDWGLHVHO DQGEOHQGVRIK\GURJHQSHUR[LGHZLWK
GLHVHO7KH\ LQYHVWLJDWHG WKHSHUIRUPDQFHRIGLHVHO HQJLQHE\ LQMHFWLQJK\GURJHQSHUR[LGHDVEOHQGV














3URELU .XPDU %RVH HWDO>@ 6WLPXODWHG DFWLYH UHVHDUFK LQWHUHVW LQ QRQSHWUROHXP FDUERQ IUHH
FRPSRXQGVDQGQRQSROOXWLQJIXHOVSDUWLFXODUO\IRU WUDQVSRUWDWLRQSRZHUJHQHUDWLRQDQGDJULFXOWXUDO
VHFWRUV(QYLURQPHQWDO FRQFHUQV DQG OLPLWHG DPRXQW RI SHWUROHXP IXHOV KDYH FDXVHG LQWHUHVWV LQ WKH
GHYHORSPHQW RI DOWHUQDWLYH IXHOV IRU LQWHUQDO FRPEXVWLRQ ,& HQJLQHV +\GURJHQ ZDV XVHG LQ DQ
LQWHUQDO FRPEXVWLRQHQJLQHEDVHGSRZHU WUDLQVGXH WR LWV VXSHULRUFRPEXVWLRQTXDOLWLHV OLNH LW¶VYHU\
KLJKODPLQDUIODPHVSHHGLPSRVHVSHFLILFRSHUDWLQJVWUDWHJLHVDQGWKHDGDSWDWLRQRIWKHFRQYHQWLRQDO
UHVHDUFK WRROV DQG DYDLODELOLW\7KH\ LQMHFWHGK\GURJHQ LQWR WKH LQWDNHPDQLIROGRI D VLQJOH F\OLQGHU
GLHVHO HQJLQH XVLQJ DQ LQMHFWRU IROORZLQJ WKH 70, 7LPH 0DQLIROG ,QMHFWLRQ WHFKQLTXH 8VLQJ DQ
HOHFWURQLFFRQWUROXQLW(&8WKHLQMHFWLRQWLPLQJZDVYDULHGDWDQG$7'&DQGWKHGXUDWLRQ
ZHUH FRQWUROOHG )URP WKH UHVXOWV WKH\ REVHUYHG WKDW WKH RSWLPXP LQMHFWLRQ WLPLQJ ZLWK




FRPEXVWLRQ HQJLQHV ,Q WKLV VWXG\ VHULHV RI H[SHULPHQWV ZHUH FDUULHG RXW WR VWXG\ WKH HIIHFW RI
FRQWLQXRXV SRUW LQMHFWLRQ K\GURJHQ JDV RQ LQF\OLQGHU SUHVVXUH DQG HPLVVLRQV RI XQPRGLILHG VLQJOH
F\OLQGHUGLHVHO HQJLQH ,QMHFWLRQRIK\GURJHQ UHVXOWHGDQ LQFUHDVH LQ LQF\OLQGHUSHDNSUHVVXUH LQ WKH
UDQJHRIWREDUVDQGH[KDXVWJDVWHPSHUDWXUHLQWKHUDQJHRIWRWKURXJKRXWDOOHQJLQH
VSHHGV7KHUHZHUHDOVRLQFUHDVHVLQ12[&2DQG&2HPLVVLRQVGXHWRSUHVHQFHRIK\GURJHQUDQJHV
EHWZHHQ WRSSP WR SSPDQG WR E\YROXPH UHVSHFWLYHO\2Q WKHRWKHU
KDQGFRQWLQXRXVSRUW LQMHFWLRQK\GURJHQDGGLWLRQ LQGLHVHOHQJLQHVKRZHGUHGXFWLRQRIK\GURFDUERQ
+&DWWKHDYHUDJHRISSPDQG2HPLVVLRQVDWWKHDYHUDJHRIE\YROXPH




PRVW H[LWLQJ GLHVHO HQJLQHV ZHUH GHVLJQHG IRU XVLQJ GLHVHO IXHO )HHGLQJ +GLHVHO GXDO IXHO WR WKH









LQFUHDVLQJ (*5 OHG UHGXFLQJ RI F\OLQGHU SUHVVXUH DQG WHPSHUDWXUH 7KH PROH IUDFWLRQ RI 12[
GHFUHDVHGZLWK LQFUHDVLQJ(*57KH+VXSSOLHGWR WKHHQJLQHSURYLGHGSRVLWLYHHIIHFWRQWKHHQJLQH
SRZHU LQGLFDWHG E\ LQFUHDVLQJ SUHVVXUH DQG WHPSHUDWXUH+RZHYHU LW VKRZHG WKH QHJDWLYH HIIHFW RQ
12[HPLVVLRQ8VHRI(*5ZDVUHFRPPHQGHGIRUFRQWUROOLQJ12[HPLVVLRQZKHQ+LVVXSSOLHG
:%6DQWRVRHWDO>@VWXGLHGK\GURJHQDVDJUHDWSRWHQWLDOLQWKHQHDUIXWXUH7KH\VWXGLHGK\GURJHQ
XWLOL]DWLRQDVGLHVHO HQJLQH IXHO+\GURJHQFDQQRWEHXVHGGLUHFWO\ LQDGLHVHO HQJLQHGXH WR LWV DXWR





)XHO FRQVXPSWLRQ LQMHFWRU QHHGOH OLIWPRYHPHQW DQG F\OLQGHU SUHVVXUH ZHUH PHDVXUHG ,QWURGXFLQJ
K\GURJHQWRWKHFRPEXVWLRQFKDPEHUUHGXFHGWKHGLHVHOIXHOFRQVXPSWLRQ,QGLFDWHGHIILFLHQF\VOLJKWO\







LQYHVWLJDWH HQJLQH WKHUPDO SHUIRUPDQFH DQG H[KDXVW HPLVVLRQ FRQVWLWXHQWV XQGHU WKRVH EOHQG
FLUFXPVWDQFHV 7KH RSWLPXP RSHUDWLQJ FRQGLWLRQV DQG RSWLPXP SDUDPHWHUV IRU WKRVH EOHQGV ZHUH



















DLU ZKLOH GLHVHO ZDV LQMHFWHG GLUHFWO\ LQVLGH WKH F\OLQGHU +\GURJHQ LQMHFWLRQ WLPLQJ DQG LQMHFWLRQ




 DW IXOO ORDG IRU WKH RSWLPL]HG LQMHFWLRQ WLPLQJ RI R $IWHU *DV ([FKDQJH 7RS 'HDG &HQWUH
388   Rachan D. Shekar and H.R. Purushothama /  Procedia Earth and Planetary Science  11 ( 2015 )  385 – 392 
$*7'&DQGIRULQMHFWLRQGXUDWLRQRIRFUDQNDQJOH7KH12[HPLVVLRQWHQGVWRUHGXFHWRDORZHU





WKDW WKH DGGLWLRQRIK\GURJHQFDQ H[WHQG WKH OHDQRSHUDWLRQ OLPLW LPSURYH WKH OHDQEXUQ DELOLW\ DQG
GHFUHDVHEXUQGXUDWLRQ+HFRQGXFWHGWKH5HVHDUFKE\DOORZLQJWKHK\GURJHQWREHUHIRUPHGIURPWKH
YHKLFOHVK\GURFDUERQIXHOVXSSO\RUSURGXFHK\GURJHQIURPHOHFWURO\VLVRIZDWHU+HVXJJHVWHGWKDWLQ
WKH IXWXUH EHWWHUPHWKRGV FRXOG EH GHYHORSHG IRU VWRULQJ K\GURJHQ LQ WKH YHKLFOH RU SURGXFWLRQ RI
K\GURJHQRQERDUGWKHYHKLFOH
365DQMLW DQG0XNHVK6D[HQD>@ VWXGLHGDERXW WKH+\GURJHQXWLOL]DWLRQ LQ FRPSUHVVLRQ LJQLWLRQ
HQJLQHV 7KH\ XVHG K\GURJHQ DV WKH VXSSOHPHQW DQG VROHPRGHV LQ WKHVH HQJLQHV 7KH\ VWXGLHG WKH
HIIHFWVRQHQJLQHSHUIRUPDQFHDQGHPLVVLRQYDULDWLRQVDQGWKHLUUHPHGLHVZLWKUHIHUHQFHWRK\GURJHQ
LQWURGXFWLRQDQG LQGXFWLRQ LQ WKH FRPSUHVVLRQ LJQLWLRQ HQJLQHV7KH\DOVR VWXGLHG WKH LPSRUWDQFHRI
LQGLUHFWLQMHFWLRQHQJLQHZLWKUHIHUHQFHWRDSSOLFDWLRQRIDOWHUQDWLYHIXHOV




GLUHFW LQMHFWLRQ GLHVHO HQJLQH GHYHORSLQJ D SRZHU RI  .: UDWHG VSHHG RI  USP 7KH
SHUIRUPDQFHDQGHPLVVLRQSDUDPHWHUVRIWKHHQJLQHZHUHREWDLQHGLQWKHLQYHVWLJDWLRQDQGFRPSDUHG
ZLWKWKHGLHVHOIXHO
&KDLVHUPWDZDQ 3 HWDO>@ WKHRUHWLFDOO\ DQDO\VHG WKH K\GURJHQGLHVHO GXDO IXHO FRPEXVWLRQ ZLWK
H[KDXVW JDV UHFLUFXODWLRQ 7KH\ HPSOR\HG D FKHPLFDO HTXLOLEULXP PHWKRG WR HVWLPDWH H[KDXVW JDV
SURGXFWVIURPGLHVHODQGK\GURJHQGLHVHOPRGHFRPEXVWLRQLQDSUHVHQFHRIH[KDXVWJDVSRUWLRQ7KH\
LQYHVWLJDWHG WKH FRPEXVWLRQ SURGXFWV HJ XQEXUQHG K\GURFDUERQV LQ WHUPV RI PHWKDQH &+
K\GURJHQ + FDUERQ GLR[LGH &2 FDUERQ PRQR[LGH &2 HWF EDVHG XSRQ HTXLYDOHQW VSHFLILF
HQHUJ\LQSXW7KRVHSURGXFWVZHUHVXEVHTXHQWO\XVHGWRFDOFXODWHFRPEXVWLRQHIILFLHQF\EDVHGXSRQ
FKHPLFDOHQHUJ\OHIWLQWKHZDVWHH[KDXVWJDVHV7KHLUPDLQILQGLQJVZHUHDVVRFLDWHGZLWKWKHUHGXFWLRQ
LQ &+ &2 DQG &2 FRUUHVSRQGLQJ WR WKH LQFUHDVH LQ FRPEXVWLRQ HIILFLHQF\ LQ K\GURJHQGLHVHO
FRPEXVWLRQPRGH0HDQZKLOH WKH\ IRXQG WKDW K\GURJHQ FRQWHQW LQ IOXH JDVPD\ LQFUHDVH LQ VRPH
RSHUDWLQJFRQGLWLRQV




EDVLV RI PD[LPXP GLHVHO VXEVWLWXWLRQ UDWH 7KH\ DOVR VWXGLHG WKH HIIHFWV RQ EUDNH VSHFLILF IXHO
FRQVXPSWLRQEUDNH VSHFLILFHQHUJ\FRQVXPSWLRQYROXPHWULFHIILFLHQF\DQGH[KDXVWJDV WHPSHUDWXUH
ZHUHDOVRREVHUYHGDWYDULRXV OLTXLGJDVHRXV IXHOFRPSRVLWLRQVIRUDOO WKH ILYH ORDGLQJV6HFRQG ODZ
DQDO\VLVZDVFDUULHGRXWWRRSWLPL]HWKHGXDOIXHOHQJLQHUXQ7KH\REVHUYHGWKDWDGLHVHOHQJLQHFDQEH
UXQHIILFLHQWO\LQK\GURJHQGLHVHOGXDOIXHOPRGHLIWKHGLHVHOWRK\GURJHQUDWLRLVNHSWDW
6%DUL DQG00RKDPPDG ,VPDHLO>@8VHGK\GURJHQ DV DQ DGGLWLYH WR HQKDQFH WKH FRQYHQWLRQDO
GLHVHO HQJLQH SHUIRUPDQFH DQG WKH RXWFRPHV ZHUH YHU\ SURPLVLQJ 2QERDUG K\GURJHQ±R[\JHQ
JHQHUDWRU ZKLFK SURGXFHV +2 PL[WXUH WKURXJK HOHFWURO\VLV RI ZDWHU ZDV XVHG WR RYHUFRPH WKH
SUREOHPV DVVRFLDWHG ZLWK WKH SURGXFWLRQ DQG VWRUDJH RI K\GURJHQ 7KH\ IRFXVHG RQ HYDOXDWLQJ WKH
SHUIRUPDQFH HQKDQFHPHQW RI D FRQYHQWLRQDO GLHVHO HQJLQH WKURXJK WKH DGGLWLRQ RI +2 PL[WXUH




 DQG  IXHO VDYLQJV 7KH HPLVVLRQV RI +& &2 DQG &2 GHFUHDVHG ZKHUHDV WKH 12[
HPLVVLRQLQFUHDVHG
*DQGKL 3XOODJXUD HWDO>@ SURGXFHG (VWHUV RI YHJHWDEOH RLO DQG ELR RLO E\ S\URO\VLV RI YDULRXV
ELRPDVV UHVRXUFHV ZKLFK KDYH JUHDWHU VFRSH DV DOWHUQDWLYH IXHOV IRU WKH IXWXUH LQ SRZHU DQG
WUDQVSRUWDWLRQ VHFWRUV 7KH\ FRQGXFWHG H[SHULPHQWV WR HYDOXDWH WKH FRPEXVWLRQ SDUDPHWHUV RI D
FRPSUHVVLRQLJQLWLRQHQJLQHIXHOOHGZLWKELRGLHVHOELRRLOHPXOVLRQDQGK\GURJHQRQDGXDOIXHOPRGH
+\GURJHQ ZDV LQGXFWHG LQ VPDOO TXDQWLWLHV LQ D GLHVHO HQJLQH ZKHUHDV DQ HPXOVLRQ RI ELRRLO DQG




:LGRGR %XGL 6DQWRVR HWDO >@ 6WXGLHG WKH F\FOLF YDULDELOLW\ RI D GLHVHO HQJLQH IXHOOHG ZLWK
K\GURJHQDQG LJQLWHGE\GLHVHO VSUD\7R LQYHVWLJDWH WKHFRPEXVWLRQFKDUDFWHULVWLFVRI WKLVGXDO IXHO
HQJLQH WKH\FRQYHUWHGDVLQJOHF\OLQGHUGLHVHOUHVHDUFKHQJLQH WRXWLOL]HK\GURJHQDVIXHO+\GURJHQ
ZDV LQWURGXFHG WR WKH LQWDNHPDQLIROG XVLQJ DPL[HU EHIRUH HQWHULQJ WKH FRPEXVWLRQ FKDPEHU 7KH
HQJLQHZDVUXQDWDFRQVWDQWVSHHGRIUSPDQGYDULDEOHORDGV$WHDFKORDGVWHSWKHIORZUDWHRI










HQJLQH ZDV UXQ DW GLIIHUHQW ORDGV VSHHGV DQG K\GURJHQ EOHQGLQJ SHUFHQWDJHV ,W ZDV IRXQG WKDW
LQFUHDVLQJ WKH EOHQGLQJ SHUFHQWDJH UHGXFHV WKH HPLWWHG FRQFHQWUDWLRQ RI FDUERQ R[LGHV DQG VPRNH
+RZHYHU LW ZDV IRXQG WKDW QLWURJHQ R[LGHV FRQFHQWUDWLRQ ZDV LQFUHDVHG ZLWK LQFUHDVLQJ K\GURJHQ








VXFK DV JDVROLQH DOFRKRO RU GLHVHO SURYLGHG HDFK LV VWRUHG VHSDUDWHO\0L[LQJ K\GURJHQ ZLWK RWKHU
K\GURFDUERQ IXHOV UHGXFHG DOO RI WKHVH GUDZEDFNV +\GURJHQ¶V ORZ LJQLWLRQ HQHUJ\ OLPLW DQG KLJK





K\GURJHQ LQ WKH K\GURJHQGLHVHO EOHQG DIIHFWLQJ WKH PROH IUDFWLRQ RI WKH H[KDXVW VSHFLHV ZDV DOVR
VLPXODWHG ([SHULPHQWDO LQYHVWLJDWLRQVZHUH FDUULHG RXW LQ K\GURJHQ ± GLHVHO GXDO IXHOPRGHZKLFK










WR EH R &$ EHIRUH JDV H[FKDQJH WRS GHDG FHQWUH %*7'&ZLWK LQMHFWLRQ GXUDWLRQ RI R &$ IRU
K\GURJHQ'LHVHOGXDOIXHORSHUDWLRQ7KHRSWLPXPK\GURJHQIORZUDWHZDVIRXQGWREHOSP7KH\
REVHUYHG WKDW WKHEUDNH WKHUPDO HIILFLHQF\ LQK\GURJHQ'LHVHOGXDO IXHORSHUDWLRQ LQFUHDVHGE\
FRPSDUHGWR'LHVHOIXHODWORDG7KH12;HPLVVLRQVZHUHKLJKHUE\±LQGXDOIXHORSHUDWLRQ
DW IXOO ORDGFRPSDUHG WR'LHVHO6PRNHHPLVVLRQVZHUH ORZHUHG LQ WKHHQWLUH ORDGVSHFWUDGXH WR WKH
DEVHQFHRIFDUERQLQK\GURJHQIXHO7KHFDUERQPRQR[LGH&2FDUERQGLR[LGH&2HPLVVLRQVZHUH
OHVVHU LQ K\GURJHQ'LHVHO GXDO IXHO RSHUDWLRQ FRPSDUHG WR 'LHVHO 7KH\ FRQFOXGHG WKDW WKH XVH RI
K\GURJHQLQWKHGXDOIXHOPRGHLQD'LHVHOHQJLQHLPSURYHVWKHSHUIRUPDQFHDQGUHGXFHVWKHH[KDXVW
HPLVVLRQVIURPWKHHQJLQHH[FHSWIRU+&DQG12;HPLVVLRQV




DQ HOHFWULFDO JHQHUDWRU 3HUIRUPDQFH SDUDPHWHUV VXFK DV VSHFLILF HQHUJ\ FRQVXPSWLRQ EUDNH WKHUPDO
HIILFLHQF\DUHGHWHUPLQHGDQG HPLVVLRQV VXFKDVR[LGHVRIQLWURJHQK\GURFDUERQ FDUERQPRQR[LGH
SDUWLFXODWHPDWWHUVPRNHDQGH[KDXVWJDVWHPSHUDWXUHZHUHPHDVXUHG8VDJHRIK\GURJHQLQGXDOIXHO
PRGHZLWK(*5WHFKQLTXHUHVXOWVLQORZHUHGVPRNHOHYHOSDUWLFXODWHDQG12[HPLVVLRQV
%LEKXWL % 6DKRR HWDO>@XVHG6\QJDV DW GLIIHUHQW ORDGV DQG VWXGLHG WKH HIIHFW RI V\QJDV RQ WKH















YDULRXVHQJLQH ORDGVDQGWR(*5UDWLRVDGMXVWLQJ WKHK\GURJHQHQHUJ\VKDUH UDWLRDWWR
ZKLFKPHDQVWKDWWKHHQHUJ\RIK\GURJHQUHSODFHGWRWKDWRIGLHVHOIXHO7KHFRPEXVWLRQ
FKDUDFWHULVWLFV VXFK DV F\FOLF YDULDWLRQV KHDW UHOHDVH UDWH EUDNH WKHUPDO HIILFLHQF\ DQG VSHFLILF IXHO











 UHVSHFWLYHO\ 7KH EUDNH WKHUPDO HIILFLHQF\ DQG12[ LQFUHDVHG E\  DQG  UHVSHFWLYHO\
FRPSDUHGWREDVHOLQHGLHVHO7KH\DOVRREVHUYHGWKDWWKHHPLVVLRQVVXFKDV+&&2DQG&2DUHYHU\
ORZLQERWKFDUEXUHWLRQDQG73,WHFKQLTXHVFRPSDUHGEDVHOLQHGLHVHO
2.1. Conclusions on literature review 





x 0L[LQJRI+\GURJHQEDVHGFKHPLFDOV OLNHZDWHU K\GURJHQSHUR[LGH LQWR IRVVLOGLHVHO DV DQ
DGGLWLYH
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3.1. Mixing of hydrogen based liquid compounds with the fuel 
,W LQYROYHV WKHPL[LQJRI+\GURJHQEDVHGFRPSRXQGV OLNHZDWHU+\GURJHQ3HUR[LGHHWF LQWR WKH
ELRGLHVHO PL[WXUH DV DQ DGGLWLYH $W KLJKHU WHPSHUDWXUHV WKHVH OLTXLG FRPSRXQGV ZLOO OLEHUDWH
K\GURJHQR[\JHQPL[WXUH WKHUHE\HQKDQFLQJ WKHSHUIRUPDQFHRI WKHHQJLQH7KHPDMRUDGYDQWDJHRI
WKLVNLQGRI+\GURJHQ LQGXFWLRQ LV WKDWQR FKDQJH LQ WKHGHVLJQRI WKH HQJLQH LV UHTXLUHG DQ DGGHG
DGYDQWDJHLVWKDWDVWKHUHLVDSUHVHQFHRIR[\JHQFRPSOHWHFRPEXVWLRQRIWKHIXHODLUPL[WXUHFDQEH
DVVXUHG7KHPDMRU GLVDGYDQWDJHEHLQJ WKDW LI WKLV FKHPLFDO SURSRUWLRQ LQFUHDVHV WKH IOXLG SK\VLFDO
FKHPLFDODQGFRPEXVWLRQFKDUDFWHULVWLFVRIWKHPL[WXUHZLOOEHDOWHUHG
3.2. Splitting of hydrogen and injection into the engine 
,WLQYROYHVWKHVSOLWWLQJRIZDWHULQWR+\GURJHQ2[\JHQPL[WXUHE\WKHSURFHVVRIHOHFWURO\VLVDQG
LQMHFWLQJ LW LQWR WKH HQJLQH F\OLQGHU WKURXJK WKH LQOHW PDQLIROG DORQJ ZLWK DWPRVSKHULF DLU +HUH
DWPRVSKHULFDLULVUHSODFHGLQVWHDGRIWKHIXHOE\+2PL[WXUH,WKDVDQDGYDQWDJHRIHQKDQFLQJWKH
SHUIRUPDQFHDQGFRPEXVWLRQFKDUDFWHULVWLFVRIWKHHQJLQH7KHLQF\OLQGHUSUHVVXUHVDQGWHPSHUDWXUHV
RI WKH HQJLQH DOO LQFUHDVHG WKHUHE\ LPSURYLQJ WKH RYHUDOO HIILFLHQF\ RI WKH HQJLQH %XW GXH WR WKH
SUHVHQFHRIR[\JHQLQWKHPL[WXUHFRPSOHWHFRPEXVWLRQLVHQVXUHGEXWLWPD\DOVROHDGWRWKHLQFUHDVH
LQ12[HPLVVLRQVRIWKHHQJLQHZKLFKLVDPDMRUHQYLURQPHQWDOFRQFHUQ$QRWKHUPDMRUGLVDGYDQWDJH




3.3. Injection of hydrogen from the cylinder 
,WLQYROYHVWKHLQMHFWLQJRIK\GURJHQJDVGLUHFWO\IURPWKHUHDGLO\DYDLODEOHK\GURJHQJDVIURPWKH
F\OLQGHU ,Q WKLV FDVH WKH DWPRVSKHULF DLU LV UHSODFHGE\JDVHRXVK\GURJHQ DQGQRW WKH IXHO7KH LQ
F\OLQGHUSUHVVXUHVDQGWHPSHUDWXUHVRIWKHHQJLQHDOOLQFUHDVHGWKHUHE\LPSURYLQJWKHRYHUDOOHIILFLHQF\
RI WKH HQJLQH %XW VLQFH WKH FDORULILF YDOXH RI K\GURJHQ LV KLJK LW OHDGV WR KLJKHU WHPSHUDWXUHV RI
H[KDXVW JDVHV DQGPD\ DOVR OHDG WR WKH LQFUHDVH LQ12[ HPLVVLRQV RI WKH HQJLQHZKLFK LV DPDMRU
HQYLURQPHQWDO FRQFHUQ$QRWKHUPDMRU GLVDGYDQWDJH LV WKDW KDQGOLQJ RI K\GURJHQ LV D YHU\ GLIILFXOW
WDVN DV LW FDQ HDVLO\ FRPEXVW DW URRP WHPSHUDWXUHV ,I SURSHU SUHFDXWLRQV DUH QRW WDNHQ ZKLOH
WUDQVSRUWLQJK\GURJHQ LQWR WKHHQJLQHF\OLQGHU WKHUH LVDFKDQFHRIH[SORVLRQRI WKHHQWLUHVHWXS ,Q




DQG OLPLWDWLRQV 0L[LQJ RI +\GURJHQ EDVHG FRPSRXQGV LV UHODWLYHO\ VLPSOH EXW WKH DPRXQW RI
UHSODFHPHQW LV YHU\ PLQLPDO FRPSDUHG WR RWKHU DOWHUQDWLYHV ,QMHFWLRQ RI K\GURJHQ DORQJ ZLWK
DWPRVSKHULFDLUWKURXJKWKHLQOHWPDQLIROGZRXOGLPSURYHWKHSHUIRUPDQFHFRPEXVWLRQFKDUDFWHULVWLFV
RI WKH HQJLQH EXW H[KDXVW HPLVVLRQV IXHO KDQGOLQJ DQG DOWHUDWLRQ RI WKH HQJLQH VHWXS LV RI PDMRU
FRQFHUQ,WLVVXJJHVWHGWRXVH([KDXVWJDVUHFLUFXODWLRQLQWKHFDVHLQFUHDVHG12[HPLVVLRQ
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